Methods: A retrospective analysis of patients receiving SOAC in our department from November 2014 to April 2017 was performed. Data collected were age, gender, number of procedures, arteries approached, bilaterality of treatment, and complications. The procedure was performed using a 3F sheath and a flow-dependent 1.5F microcatheter that was navigated from the femoral artery to the ostium of the ophthalmic artery (OA). When the OA was too small or a stable position could not be achieved, the microcatheter was navigated in the external carotid artery to reach an anastomotic ramus (AR) of the middle meningeal artery (MMA) to the OA. The drugs were then injected through the microcatheter in a pulsatile way. Results: Forty-one patients underwent SOAC. A total of 248 procedures were performed in 45 eyes, and 248 arteries were approached (205 OAs and 43 MMAs). Four patients underwent tandem therapy (both eyes treated in the same procedure).
Introduction
Retinoblastoma is the most frequent primary ocular tumor in pediatric patients. 1 In children less than one year old, it represents 11% of the tumors. 1 Worldwide, retinoblastoma is diagnosed in one of 18,000/20,000 live births. 1 In Argentina, 40/45 cases are diagnosed every year. 2 The tumor could be hereditary or acquired. In the former, cases are bilateral in 90% of patients and in the latter, are unilateral in 70%. In most children the unilateral cases require enucleation, while in bilateral cases conservative therapy in one eye is possible. 3 Superselective ophthalmic artery chemotherapy (SOAC) allows reaching a high concentration of the chemotherapeutic drug in the eye with minimum systemic toxicity. With this technique only 10% of the drug is used in comparison to systemic chemotherapy. 4, 5 The procedure must be performed several times to slow the tumor growth in this low age population; therefore, great concern exists about radiation exposure because of risks of second cancers in germline mutation retinoblastomas. 1 For that reason, it is extremely important to perform the procedure as quickly and simply as possible to reduce procedure time and radiation exposure. 6, 7 At the same time, it is important to perform the procedures using small sheaths and catheters to minimize arterial injury in these very young patients.
The aim of this article is to demonstrate that a seemingly complex technique can be carried out with a low morbidity rate.
Material and methods
We retrospectively analyzed with institutional review board permission the medical charts of patients with retinoblastoma who underwent SOAC from November 2014 to April 2017 in our department. Our hospital is a tertiary pediatric center receiving 80% of children with retinoblastoma in Argentina. Some patients from Bolivia and Paraguay are sent to us for SOAC therapy.
The indication of SOAC is given by oncologists after the examination of patients having retinoblastoma performed by ophthalmologists. The inclusion criteria were the presence of unilateral or bilateral disease in children five months of age or older. Parents were informed of the risks of the procedure, namely, ischemic stroke, retinal hemorrhage, infection, anaphylaxis, loss of visual function, and death.
Events were defined as a bad result of SOAC when the treated eye must be enucleated.
The data collected were age, gender, number of procedures, arteries approached ((OA) or middle meningeal artery (MMA)), bilaterality of the treatment (tandem therapy), and complications. See Table 1 .
Technique
The technique used in this series of patients is a slight variation of the one described by Gobin et al. 4, 8 We do not use any decongestant in the nose or skin. The procedure is performed under general anesthesia with endotracheal intubation. The femoral artery (FMA) is punctured and 50 IU/kg of heparin is administered. Alternatively, the right or left FMA is punctured with a 21 G needle and a 3F sheath is inserted. A microcatheter flow-dependent Magic 1.5 (Balt Extrusion, Montmorency, France) supported by a 0.008-inch microwire Hybrid (Balt Extrusion, Montmorency, France) is placed through the sheath and navigated from the FMA to the distal part of the supraclinoid internal carotid artery (ICA). The microwire is then removed and the microcatheter is pulled while injecting contrast media using a 1 cc syringe with fluoroscopy until it remains anchored in the ostium of the OA. Care must be taken during the injection to avoid moving the microcatheter away from the ostium of the OA. When the microcatheter has reached a stable position, the force and rhythm applied to the syringe must be such to cause the chemotherapeutic drugs injected to be directed to the OA. The injection is given in a pulsatile way at a rate of 5 cc/min. It takes no more than 10 minutes for every drug ( Figure 1 ). Fluoroscopy is used as minimally as possible during drug injection. One or two times the stability of the microcatheter is checked taking into account the position of the tip in relation to the anterior clinoid process.
If the OA is too small for an appropriate selective infusion or it cannot be approached, the anastomic ramus (AR) coming from the MMA directly to the OA or its supraorbital branch is catheterized with the Magic 1.5 microcatheter and the Hybrid microguidewire. Both the choroidal and ciliary body blush prove that the AR is useful to deliver the chemotherapeutic agents. Drugs are then injected through the microcatheter (Figures 2 and 3 ).
Only two radiological projections are used: the anteroposterior view to navigate the microcatheter and microguidewire from the FMA to the common carotid artery and the lateral view to reach the ICA and the ostium of the OA or external carotid artery (ECA) and the MMA.
To decrease the radiation exposure, we did not perform a diagnostic cerebral angiogram before or after the intervention. SOAC is performed in cycles at three-or four-week intervals using a scheme of two (melphalan hydrochloride and topotecan hydrochloride) or three (carboplatin) drugs. The drugs are diluted with saline to obtain a volume of 30 cm 3 of solution. 8 FMA hemostasis is performed by 10 minutes of manual compression.
After awakening, patients are transported to the recovery room and discharged home the day after the procedure.
Results
Results are summarized in Table 1 .
We treated 41 patients, performing 248 procedures in 45 eyes. A total of 248 arteries were cannulated (205 OAs and 43 MMAs). There were two patients with trilateral retinoblastoma, both of them with an enucleated eye previous to the beginning of the SOAC. Thirty-one patients had bilateral retinoblastoma. Four of them received SOAC in both eyes, so-called tandem therapy. The other children with bilateral disease had an eye enucleated previously. Only one patient had to be enucleated because the tumor did not respond to the SOAC.
The youngest patients were six months old (cases 31 and 32) and the oldest patients were four years old (cases 7, 16, and 20). Case 10 had the highest number of procedures, 14. Bradycardia and hypotension during the navigation of the microcatheter through the cavernous ICA was present in five cases. They responded very well to intravenous epinephrine bitartrate infusion. FMA transient thrombosis was found after the procedure in two patients (cases 14 and 20). They were successfully managed with antiplatelet therapy. Alopecia (case 10) was observed in a patient after administration of topotecan and melphalan in the MMA, probably due to reflux of drugs in the temporal artery.
The post-procedure examination in patient eight revealed retinal hemorrhage. It resolved completely in subsequent explorations. One patient suffered an anaphylactic shock to carboplatin. He fully recovered after receiving epinephrine and corticoids. All patients have been followed up with clinical and ophthalmologic examinations as well as magnetic resonance imaging; none of them showed adverse effect attributable to radiation or ischemic stroke.
Discussion
The story of intra-arterial chemotherapy for the treatment of retinoblastomas began in 1954 when Reese injected into the ICA a nitrogen mustard analog. 9 In 1988 Yamane et al. described a technique consisting of positioning a microballoon in the supraclinoid ICA distal to the orifice of the OA to redirect the drug into the OA. 10 In 2006, David Abramson of the Department of Ophthalmic Oncology at Memorial Sloan-Kettering Cancer Center and the interventional radiologist Y. Pierre Gobin of the Weill Cornell/New YorkPresbyterian Hospital devised a technique to reach the OA with a microcatheter. Doing so, the chemotherapeutic drugs could be injected through the microcatheter. 4, 8 SOAC is today an established tool in the armamentarium of retinoblastoma therapy. [11] [12] [13] [14] [15] [16] [17] It is used worldwide for unilateral and bilateral (tandem-therapy) retinoblastomas. 18 The technique has enabled the salvage of eyes that would otherwise need to be enucleated. 13, 18 The ''dark side'' of SOAC is the multiple sessions needed to stop the tumor growth. There is concern about the radiation received by children.
Angiography equipment used in neurointerventional procedures has high radiation exposure. 19, 20 Most patients who undergo SOAC are younger than two years old and have a high susceptibility to irradiation, 7 being at risk of developing secondary tumors. 6, 7, 20 In order to decrease the radiation exposure to a minimum, no diagnostic cerebral angiography was performed prior to the SOAC; we focused only on reaching the OA or MMA. Fluoroscopy is used at a minimum using the relation of the anterior clinoid process and tip of the microcatheter to control the position during drug injection.
Another important issue in these very young patients receiving multiple interventions in a short period of time is the repeated punctures to which the FMA must be subjected. The use of low-caliber sheaths (3F) reduces the damage and probabilities of thrombosis of the FMA. That is why the microcatheter is navigated directly to the OA or MMA without guide-catheter assistance. Once it reaches the supraclinoid portion of the ICA, the flow-dependent 1.5 F microcatheter takes advantage of the hemodynamic changes between this vessel and the OA, reaching the ostium of the OA when it has a normal diameter (Figure 1 ). We do not navigate the microcatheter beyond the ostium of the OA. It is faster, easier and safer than trying to cannulate the OA with a microwire and a microcatheter. In patients with small OA most of the blood flow to the eyeball comes from the AR of the MMA to the OA or its branches. The MMA and the AR branches are approached with a 1.5 F microcatheter navigating through the ECA 21 ( Figures 2 and 3 ). Several complications of SOAC are described in the literature. 8, 16 The most serious complication we had was a retinal hemorrhage that resolved after several weeks. It was the only case in which the microcatheter was navigated distal in the OA. The force exerted on the syringe for drug injection probably caused damage to the retina (Figure 4 ). An anaphylactic shock was caused by administration of carboplatin during the procedure; the patient responded well to medication without consequences. Some patients presented bradycardia and hypotension during the procedure; it is probably produced by a reflex triggered by navigation of the microcatheter in the cavernous segment of the ICA. 8 They responded very well to the intravenous infusion of epinephrine bitartrate. Although stroke is a potential complication of the procedure, no patient in our series presented with this event.
Conclusions
We described our experience with the SOAC technique. Taking the necessary precautions, this endovascular procedure is fast and effective with a very low rate of complications. Lowering the time of radiation exposure and using a small sheath is an important issue in these young children undergoing multiple procedures in a short period of time. Longer follow-up is needed to evaluate more accurately our results.
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